The Gas State
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Kinetic Molecular Theory (KMT)
o the idea that all substances contain particles that are in constant, random motion

Gas Laws
Pressure
e movement of gas molecules creates collisions with objects in their paths, particularly walls of a
container
e force per unit area (N/m?)
e Sl symbol of pressure is pascal (Pa)
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Boyle's Law (Robert Boyle)

The volume of a specific amount of gas decreases proportionally as the pressure on the gas increases,
at constant temperature,

pa 1 , Where T is unchanged
Vv
p,v, = p,Vv, (Boyle's Law)

Table: SI and Non-SI Units of Gas Pressure

Unit name Unit symbol Definition
pascal Pa 1Pa=1N/m*
atmosphere atm 1 atm = 101.325 kPa
millimetres of mercury mmHg 760 mmHg = 1 atm = 101.325 kPa
torr torr 1 torr =1 mm Hg

More Gas Laws Absolute Zero

Tem pe ratu re Therm ameters compare Fahrenheit,

Cdsius and Kelvin geales.
e ameasure of the motion of gas molecules waer {7\ 0 "
e generally measured in degrees Celsius (°C) 235 Rt LA BIE L2Ld
e Kelvin temperature scale (K) is based on absolute
temperature Water
e absolute zero (point where gas molecules have no - — —
motion) is 0 K and/or -273°C

T(K)=T(°C) + 273

Abgolate
Zero

For calculations,

STP: 273 K, 101 kPa SATP: 298 K, 100 kPa

Fahrenheit Celsius Eelvin

Charles' Law (Jacques Charles)

The volume of a specific amount of gas increases proportionally as the temperature on the gas
increases, at constant pressure.

T a v, where pis unchanged

hi_ Y (Charles' Law)
T T

1 2




Gay-Lussac's Law (Joseph Gay-Lussac)

The pressure of a specific amount of gas increases proportionally as the temperature of the gas
increases, at constant volume.

pa T ,wherevis unchanged

b_ P (Gay — Lussac's Law)
T T,

Combined Gas Law
e the relationship between volume, temperature, and pressure for a fixed amount of gas (n)

Boyle's law: pollv (T and n are controlled variables)
Charles' law: Tav (p and n are controlled variables)
Gay-Lussac's law: paT (vand n are controlled variables)
pva T
PiVy

_ PoY (Combined Gas Law)
Tl T2

The Ideal Gas Law

All gases will be considered ideal gases:

obey all the gas laws perfectly under all conditions

do not condense when cooled, gas volume = 0 at absolute zero
linear graphs of volume/temperature, pressure/temperature, etc.
gas particles do not attract each other

We need to include all four variables (v, p, T, n):

1 . . 1
Va E (Boyle's Law) vaT (Charles'Law) Va — xT xn

paT (Gay-Lussac's Law) vV a n (commonsense) Y



By introducing a constant, we can state this as an equation,

Pressure Temperature where R is known as the gas constant,
Number of moles which relates
+ e the pressure (in kPa),

e the volume (in L),

P v=nR T e the amount (in moles),
e and temperature (in K)

T T of any ideal gas.
Volume Gas constant

OR

pv=nRT (ldeal Gas Law)

Determine the value of the gas constant, R, given that 1.00 mol of an ideal gas occupies a volume of

22.414 L at STP.

Mixtures of Gases

e Gas particles behave independently of one another.
e The pressure exerted by a particular gas is the same
whether it exists by itself or in a gas mixture.

Dalton's law of partial pressures
The total pressure of a mixture of nonreacting gases is

equal to the sum of the partial pressures of the individual
gases.

ptotal pl + p2 + p3 +..

Py =29 atm

He = 7-2 atm

P 10.1 atm

total =
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0.60 mol H,

0.60 mol H,
1.50 mol He

2.10 mol gas

partial pressure: the pressure a gas in a mixture would exert if it were the only gas present in the same

volume and at the same temperature

e partial pressure of gases can be determined given the total pressure and the composition of gases

The law of partial pressures can be explained using KMT:
o the pressure of a gas is caused by the collisions of molecules with the walls of the container

e gas molecules act independently of each other



Gas Collection

e gases are collected by displacement of water

e water evaporates easily and some vapour is collected with the gas
e the pressure in the container will be equal to atmospheric pressure

}%Tperat“re 190 | 200 | 210 | 220 | 230 | 240 | 250
Vapour pressure (kPa) 2.20 2.34 2.49 2.64 2.81 2.98 3.17
Reactions of Gases
e mixtures of some gases will cause reactions
hydrogen gas + oxygen gas > water vapour

20L 1.0L 20L

30L 15L 30L

8.0L 40L 80L

Law of Combining Volumes (Joseph Gay-Lussac)

When measured at the same temperature and pressure, volumes of gaseous reactants and products of

chemical reactions are always in simple ratios of whole numbers.

Avagadro's Theory

Equal volumes of gases at the same temperature and pressure contain equal numbers of molecules.

Molar Volume of Gases

e equal volumes of gases contain an equal number of particles
(Avogadro’s Theory)
e amole contains Avogadro’s number of particles

e equal volumes of gases contain equal amounts in moles of each
gas

Molar volume is the volume that one mole, in this case a gas,
occupies at a specific temperature and pressure.

e at STP, one mole of an ideal gas occupies 22.4 L

e at SATP one mole of an ideal gas occupies 24.8 L

n is amount of moles of the gas (mol)

n= v is the measured volume of the gas (L)

TABLE 5.2 Molar Volumes for
Various Gases at 0°C and 1 atm

Molar
Gas Volume (L)
Oxygen (0,) 22.397
Nitrogen (N,) 22.402
Hydrogen (H,) 22.433
Helium (He) 22.434
Argon (Ar) 22.397
Carbon dioxide (CO,) 22.260
Ammonia (NH;) 22.079

Vv
\% V is molar volume (22.4 L/mol or 24.8 L/mol)



Step 1

Step 2

Step 3

Step 4

Step 5

Gas Stoichiometry
Write a balanced chemical equation.

List the measurements and conversion factors for the given substance and the one to be
calculated.

e convert mass to grams ()
e convert volume to litres (L)
e convert concentration to mol/L

Convert the measurement to an amount in moles using the appropriate conversion
factor.

m

n=
* M

oD
1
<l|<

n=cv

Using the mole ratio from the balanced chemical equation, calculate the amount of the
other substance.

Convert the calculated amount to the final quantity required using the appropriate
conversion factor.

e m=nM v=nV
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